To solve equation group problems, this paper constructed a bat algorithm. the algorithm was experimented and the experimental results show that the novel algorithm is effective for solving ill-conditioned linear equation groups.
Introduction
The equations is one of the basic problems in numerical linear algebra, many engineering application and scientific computing problems require the solution of equations finally, therefore, studying the equations has important significance [1] . Linear equation group can be divided into the ill-conditioned linear equations and well-conditioned linear equations. The traditional method mainly has the Newton method [2] , iterative method, gradient method, evolutionary algorithms such as PSO algorithm [3] . The traditional method has high accuracy, but the equations with high performance requirements, such as the requirements of continuous and differentiable equations. Evolutionary algorithm can improve the population size and the number of iterations to improve accuracy, the solving time is proportional to iterative times, time efficiency decreased obviously.
Bat algorithm
The bat algorithm (BA) is a new heuristic algorithm [4] , it is proposed by XinShe Yang in 2010. Yang illustrates the basic idea of this algorithm and puts forward the basic assumption of the bat algorithm:
1) All bats use their echolocation perception and the distance of the target, they identify the target and the different of the background obstacles in a mysterious way.
2) The location of bats are x i , flying with the speed of v i , they search target at a fixed frequency f, variable wavelength λ and loudness A i . They can determine the distance between himself and the prey and adjust the pulse wavelength (frequency) automatically, at the same time, when they close to the target, they adjust the pulse frequency
There are a lot of changes in loudness, the assumption it is from the maximum value of A max changes to the fixed minimum value of A min .
Since the algorithm is proposed, some scholars have applied this algorithm to solve continuous function optimization problems, and have achieved good results. This paper presents a novel bat algorithm to solve equation group problem, the simulation results show that the algorithm has better convergence speed and precision [5] .
The novel bat algorithm
In order to lead the current optimal bat to produce adaptive variation of the environment, the mutation factor is introduced to design the active evolutionary operator.
According to the mutation factor, we can make the active evolution of the current optimal bats: the position of each bat is defined as a gene. When the evolution probability of this gene m i is greater than random number, the bit reverse, thus generating an optimal solution of the bat, and compares it with the previous optimal bat, get better as the optimal bat [6] . 4th International Conference on Machinery, Materials and Computing Technology (ICMMCT 2016) If the total weight of a bat represents the selected item exceeds the maximum weight, it is called an invalid bat. For invalid bats, the gene of the bat can be judged according to the calculated mutation factor is 1 or 0. If the mutation probability m i is less than that of the random number, the gene position is reversed. After the mutation, then determine whether the bat is valid, if it is still an invalid bat, continue to repeat the previous operation, until the bat becomes an effective bat.
In this paper, a new hybrid intelligent optimization algorithm-----genetic variation bat algorithm is proposed. Assuming the bat population was n, the position of i x(i) = (x i1 , x i2 ,... x id ), where i = 1,2,... n. The basic steps of genetic variation bat algorithm can be summarized as follows:
The position of i bat in the initial population: x (i) = round (rand (1, d) ), determine each bat of the population is effective, if it is invalid bat, until it becomes effective bat, initial speed v(i), pulse rate r (i), , loudness pulse A (i), pulse frequency F (i) and individual evaluation fitness (i) = Z (x (i)) (i = 1, 2, ...n).
Use the formula 
2.min
The solution results are as follows: (a) The use of this algorithm to solve the problem f 1 (x), the optimal solution is obtained: [x min , x max ] = (-1 21111900218162E-07, 2.119287120258219E-07), the global minimum value f 1 (x) =4.134219256145722E-06. The whole solution process takes 0.27 h. For the optimization problem f 1 (x), the use of BA algorithm of Literature [7] , when n = 1000, the optimal solution of [x min , x max ] = [-1.21111900218162E-01, 2.119287120258219E-1], the global minimum value f 1 (x) =9. 714917249015812E-02, the whole solution process is 28.73 h.
(b) The use of this algorithm to solve the problem f 2 (x), When n = 20, the optimal solution x = (3.16235390953187,3.12898368752111,3.09155024209814,3 (x) = 0.821789549623916, the whole solution process takes 0.47 h. When n = 500, the global approximate minimum value f 2 (x) = 0.855219472519328, the whole solution process is 3.24 h. For the optimization problem f 2 (x), the use of BA algorithm of Literature [8] , when n = 500, the optimal solution is-0.854185, But time is not published.
Conclusions
This paper proposes an improve bat algorithm, and it is applied to equation groups. Due to bat algorithm has the robustness and high computational efficiency, it is suitable for parallel computing, it has great practical value for solving large-scale. Experiments show that: It is feasible and effective to solve equation group.
